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AEP

:   AF4 family/ENL family/P‐TEFb

ARNT

:   aryl hydrocarbon receptor nuclear translocator

BRD4

:   bromodomain‐containing protein 4

CBP

:   CREB‐binding protein

DUX4

:   double homeobox protein 4

ETO

:   eight‐twenty one

EWS

:   Ewing\'s sarcoma

FLI1

:   friend leukemia virus integration 1

HIF

:   hypoxia‐inducible factor

MLL

:   mixed‐lineage leukemia

SOX2

:   Sry‐related high‐mobility box 2

STAT3

:   signal transducer and activator of transcription 3

TF

:   transcription factor

TRF

:   telomere‐repeat binding factor

1. INTRODUCTION {#cas14355-sec-0001}
===============

A number of DNA binding proteins, such as TFs, are critical regulators of gene expression. TFs generally regulate expression of their target genes through specific binding to the promoter or enhancer region of their targets and can either activate or suppress transcription of target genes. Transcription factors play important roles in various biological process such as stem cell maintenance and differentiation.[^1^](#cas14355-bib-0001){ref-type="ref"} Therefore, the expression profiles of TFs differ between tissues and organs, and dysregulation of TFs occurs not only in cancer, but also in other diseases.

Recent progress in clinical sequencing studies has revealed that somatic mutations cause and promote tumor initiation and progression. Multiple studies reported that these alternations can affect transcriptional activity, resulting in cancer development.[^2^](#cas14355-bib-0002){ref-type="ref"} Chromosomal abnormality also affects tumor malignancy, as these abnormalities frequently result in formation of fusion genes with TFs that activate oncogenic signaling pathways.[^3^](#cas14355-bib-0003){ref-type="ref"}

Because TF dysregulation is associated with tumor development in both blood tumors and solid tumors, TFs are a promising putative approach for development of anticancer agents that selectively inhibit activity of dysregulated TFs. Indeed, recent advances in technologies such as high‐throughput screening and protein knockdown methods have enabled identification and development of small molecule inhibitors against cancer‐associated TFs. In the present review, we summarize the roles of TFs in tumor development and introduce the recent advances in methodology for identification and development of small molecule inhibitors targeting cancer‐associated TFs.

2. CANCER‐ASSOCIATED TFS ARE A PROMISING TARGET FOR CANCER THERAPY {#cas14355-sec-0002}
==================================================================

The first identified cancer‐associated TFs were fusion proteins in leukemia cells (Table [1](#cas14355-tbl-0001){ref-type="table"}). Accumulating lines of evidence have revealed that these fusion proteins function as drivers of disease onset and progression by inhibiting cell differentiation and maintaining a more stem cell‐like state.[^4^](#cas14355-bib-0004){ref-type="ref"}, [^5^](#cas14355-bib-0005){ref-type="ref"} Recently, cancer‐associated TFs that promote invasiveness and metastasis of solid tumors have also been identified (Table [1](#cas14355-tbl-0001){ref-type="table"}). In the subsequent section, we introduce the cancer‐associated TFs known to play important roles in blood cancers and solid tumors.

###### 

Cancer‐associated DNA binding proteins

  Cancer          DNA binding protein   Function                                                         Reference
  --------------- --------------------- ---------------------------------------------------------------- --------------------------------------------
  AML             MLL‐AEP               Immortalization of hematopoietic progenitors                     [^8^](#cas14355-bib-0008){ref-type="ref"}
  AML             AML1‐ETO              G~1~ cell cycle progression                                      [^34^](#cas14355-bib-0034){ref-type="ref"}
  CML             Fox3a                 Acquisition of resistance to imatinib                            [^59^](#cas14355-bib-0059){ref-type="ref"}
  Breast cancer   c‐Myc                 Upregulation of mitotic‐associated genes                         [^36^](#cas14355-bib-0036){ref-type="ref"}
  Breast cancer   SOX2                  Induction of tamoxifen resistance                                [^37^](#cas14355-bib-0037){ref-type="ref"}
  Melanoma        DUX4                  Immune invasion through the downregulation of MHC class I        [^38^](#cas14355-bib-0038){ref-type="ref"}
  Glioma          TRF1                  Telomeric damage and inhibition of CSC properties                [^60^](#cas14355-bib-0060){ref-type="ref"}
  Colon           TRF2                  Induction of endothelial cell differentiation and angiogenesis   [^30^](#cas14355-bib-0030){ref-type="ref"}

Each DNA binding protein is associated with tumor malignancies.

AEP, AF4 family/ENL family/P‐TEFb; CSC, cancer stem cell; DUX4, double homeobox protein 4; ETO, eight‐twenty one; MLL, mixed‐lineage leukemia; SOX2, Sry‐related high‐mobility box 2; TRF1, telomere‐repeat binding factor 1.
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2.1. Cancer‐associated TFs in leukemia {#cas14355-sec-0003}
--------------------------------------

Leukemia is classified into acute myeloid leukemia (AML), acute lymphocytic leukemia, Chronic myelogenous leukemia (CML), and chronic lymphocytic leukemia. Chromosomal rearrangements at 11q23 are observed in both pediatric and adult leukemias, which led to the identification of the mixed‐lineage leukemia gene (*MLL*).[^6^](#cas14355-bib-0006){ref-type="ref"}

Approximately 10% of acute leukemia patients harbor *MLL* translocations.[^7^](#cas14355-bib-0007){ref-type="ref"} *MLL* belongs to a family of histone methyltransferases and specifically methylates histone H3 on lysine 4. *MLL* frequently fuses with a component of the AEP coactivator complex in acute leukemia, resulting in immortalization of hematopoietic progenitors through the aberrant activation of genes associated the hematopoietic stem cell program, such as *HOXA9* and *MEIS1*.[^8^](#cas14355-bib-0008){ref-type="ref"}, [^9^](#cas14355-bib-0009){ref-type="ref"} Okuda et al[^10^](#cas14355-bib-0010){ref-type="ref"} reported that AEP and MLL‐AEP fusion proteins induce transcriptional activation through physical interaction with selectivity factor 1, which is a core component of the RNA polymerase I preinitiation complex. Acute myeloid leukemia 1 (AML1/RUNX1) is a TF and forms a fusion protein with the *ETO* gene, which is involved in transcriptional repression.[^11^](#cas14355-bib-0011){ref-type="ref"} The AML1‐ETO fusion protein is associated with development of acute leukemia by upregulating a number of genes such as *SOX4*, *IL‐17BR*, *CD200*, and *γ‐catenin*.[^12^](#cas14355-bib-0012){ref-type="ref"}, [^13^](#cas14355-bib-0013){ref-type="ref"} A recent study reported that AML1‐ETO cooperates with AP‐1 to drive cyclin D2 expression, resulting in G~1~ cell cycle progression and leukemic propagation.[^4^](#cas14355-bib-0004){ref-type="ref"}

Chronic myelogenous leukemia is (CML) caused by a genetic abnormality that leads to generation of BCR‐ABL, a constitutively active tyrosine kinase. Therefore, the tyrosine kinase inhibitor imatinib was a breakthrough CML therapy. However, Naka et al[^14^](#cas14355-bib-0014){ref-type="ref"} reported that initiating cells in CML are resistant to imatinib. In a mouse model used in this study, treatment of leukemia‐initiating cells with transforming growth factor‐β induced nuclear localization of Foxo3a through Akt activation, leading to development of imatinib resistance.

2.2. Cancer‐associated TFs in solid tumors {#cas14355-sec-0004}
------------------------------------------

Recent studies reported that TF are also dysregulated in solid cancers, which results in acquisition of tumor malignancies such as cell proliferation, drug resistance, invasiveness, immune evasion, and metastasis (Table [1](#cas14355-tbl-0001){ref-type="table"}). c‐Myc is an important cancer‐associated TF and promotes tumor cell growth and proliferation by regulating numerous target genes such as *Cdc25A*, *hTERT*, and glutamine synthetase.[^15^](#cas14355-bib-0015){ref-type="ref"}, [^16^](#cas14355-bib-0016){ref-type="ref"}, [^17^](#cas14355-bib-0017){ref-type="ref"} Santoro et al[^18^](#cas14355-bib-0018){ref-type="ref"} reported that p53 loss induces c‐Myc activation in breast tumors. Although c‐Myc is important for symmetric cell division of mammary stem cells and induces reprogramming of progenitor cells to stem cells in a mouse model, concomitant p53 loss and c‐Myc activation upregulates expression of 189 mitosis‐associated genes, resulting in the expansion of cancer stem cells in human breast cancer cells.

Sry‐related high‐mobility box 2 is a pluripotency‐associated TF and is essential for the maintenance of stemness. Therefore, SOX2 plays important roles in regulating developmental processes.[^1^](#cas14355-bib-0001){ref-type="ref"} Aberrant SOX2 expression is present in many cancers and promotes tumor seeding ability and drug resistance. For example, in breast cancer cells, SOX2 suppression induces sensitization to tamoxifen by activating Wnt‐signaling pathway‐related genes such as *DKK1* and *AXIN2*.[^19^](#cas14355-bib-0019){ref-type="ref"}, [^20^](#cas14355-bib-0020){ref-type="ref"}

Immune checkpoint blockade against T‐cell inhibitory receptors such as CTL‐associated protein‐4 (CTLA‐4) and PD‐1 is considered to be one of the most effective approaches across diverse cancers.[^21^](#cas14355-bib-0021){ref-type="ref"} However, it is difficult to predict patient response to these approaches during cancer treatment. Therefore, it is critical to identify genes that modulate antigen presentation and tumor‐immune interaction. Chew et al[^22^](#cas14355-bib-0022){ref-type="ref"} reported that the early embryonic TF DUX4, which is silenced in somatic tissues, is reexpressed in diverse solid cancers, resulting in suppression of MHC class I. Therefore, DUX4 inhibits T cell recognition of cancer cells. Consistent with these findings, low DUX4 expression is correlated with progression‐free and overall survival in response to anti‐CTLA‐4 therapy in metastatic melanoma patients.

Nuclear receptors are also important TFs and known to function as a critical regulator in cancer biology.[^23^](#cas14355-bib-0023){ref-type="ref"} Estrogen receptor (ER) is one of the nuclear receptors and associated with luminal type breast cancer.[^24^](#cas14355-bib-0024){ref-type="ref"} Therefore, ER is important to determine the subtypes of breast cancer and therapeutic approaches. As the expression level of ER is transcriptionally regulated by ER factor‐1,[^25^](#cas14355-bib-0025){ref-type="ref"} ER factor‐1 is also considered to regulate the gene expression that is characteristic of the luminal type breast cancer phenotype.

2.3. Telomeric DNA binding protein {#cas14355-sec-0005}
----------------------------------

In addition to cancer‐associated TFs, telomere binding proteins are considered to be viable therapeutic targets, as these proteins are associated with tumor malignancies such as tumorigenesis and proliferation.[^26^](#cas14355-bib-0026){ref-type="ref"} Mammalian telomeres are comprised of a double‐stranded TTAGGG‐repeat tract terminating in a 3′ single‐stranded overhang that forms a T‐loop with a specialized protein complex known as the shelterin complex. The shelterin complex is comprised of six proteins, including TRF1, TRF2, POT1, RAP1, TIN2, and TPP1. Among them, TRF1, TRF2, and POT1 are telomeric DNA binding proteins. The telomere‐repeat binding factors TRF1 and TRF2 bind duplex TTAGGG repeats to stabilize telomeric DNA.

Bejarano et al[^26^](#cas14355-bib-0026){ref-type="ref"} reported that TRF1 is highly expressed in mouse and human glioblastoma multiforme (GBM). In GBM mouse models, brain‐specific *Trf1* genetic deletion efficiently inhibits GBM initiation and progression, improving survival rate. Importantly, TRF1 small molecule inhibitors have similar effects in human GBM cell lines and xenografts generated from patient‐derived primary glioblastoma CSCs .

Because TRF2 expression is elevated in several types of cancers, including breast, liver, lung, and colon cancer, TRF2 is considered to be associated with tumorigenesis.[^27^](#cas14355-bib-0027){ref-type="ref"}, [^28^](#cas14355-bib-0028){ref-type="ref"}, [^29^](#cas14355-bib-0029){ref-type="ref"}, [^30^](#cas14355-bib-0030){ref-type="ref"} Blanco et al[^31^](#cas14355-bib-0031){ref-type="ref"} used telomerase‐deficient mice that also expressed TRF2 under the keratin 5 promoter to demonstrate that telomerase deficiency promotes TRF2‐mediated epithelial carcinogenesis. These findings suggest that TRF2 inhibition could be an effective therapeutic approach for treatment of telomerase‐deficient cancers.

The 3′ overhang of human telomeres forms tetra‐stranded DNA structures known as G‐quadruplexes, which are important for elongation of telomeric DNA by telomerase.[^32^](#cas14355-bib-0032){ref-type="ref"} Because stabilization of G‐quadruplexes has the potential to inhibit telomere replication by interfering with the telomerase‐mediated elongation step, small molecules that stabilize G‐quadruplexes are promising agents for cancer therapy. Consistent with these findings, the G‐quadruplex stabilizer telomestatin induces tumor suppression by promoting dissociation of TRF2 from the telomeres.[^33^](#cas14355-bib-0033){ref-type="ref"}

3. CLINICAL EVALUATION OF SMALL MOLECULE INHIBITORS TARGETING DNA BINDING PROTEINS {#cas14355-sec-0006}
==================================================================================

Several inhibitors of DNA binding proteins have been evaluated in clinical trials (Table [2](#cas14355-tbl-0002){ref-type="table"}).[^34^](#cas14355-bib-0034){ref-type="ref"}, [^35^](#cas14355-bib-0035){ref-type="ref"}, [^36^](#cas14355-bib-0036){ref-type="ref"}, [^37^](#cas14355-bib-0037){ref-type="ref"}, [^38^](#cas14355-bib-0038){ref-type="ref"} Signal transducer and activator of transcription 3 plays key roles in multiple cancer‐related signaling pathways and is aberrantly expressed in various human cancers.[^39^](#cas14355-bib-0039){ref-type="ref"} Activation of STAT3 is associated with cancer stem cell properties such as tumor seeding ability and drug resistance.[^40^](#cas14355-bib-0040){ref-type="ref"}, [^41^](#cas14355-bib-0041){ref-type="ref"} The small molecule napabucasin (BBI608) was identified as a STAT3 inhibitor that targets cancer stem cells.[^35^](#cas14355-bib-0035){ref-type="ref"} Combination treatment with napabucasin and conventional chemotherapy is under evaluation in clinical trials, particularly for advanced cancer patients[^42^](#cas14355-bib-0042){ref-type="ref"} (Table [2](#cas14355-tbl-0002){ref-type="table"}).

###### 

Clinical evaluation of cancer‐associated transcription factor small molecule inhibitors

  Target DNA binding protein   Inhibitor name   Company                      Mode of action                                                                                                 Clinical trial no.   Reference
  ---------------------------- ---------------- ---------------------------- -------------------------------------------------------------------------------------------------------------- -------------------- --------------------------------------------
  STAT3                        Napabucasin      Boston Biomedical            Inhibition of target genes driven by STAT3                                                                     NCT02753127          [^35^](#cas14355-bib-0035){ref-type="ref"}
  CBP/β‐catenin                E7386            Eisai                        Inhibition of Wnt target genes through modulation of β‐catenin/CBP interaction                                 NCT04008797          [^34^](#cas14355-bib-0034){ref-type="ref"}
  HIF2α                        PT2385           Peloton Therapeutics         Allosteric inhibition of the dimerization of HIF2α with ARNT                                                   NCT02293980          [^59^](#cas14355-bib-0059){ref-type="ref"}
  NF‐κB and GATA3              MLN9708          Millennium Pharmaceuticals   Proteasome inhibitor targeting NF‐κB and GATA3                                                                 NCT02181413          [^36^](#cas14355-bib-0036){ref-type="ref"}
  BRD4                         AZD5153          AstraZeneca                  Disruption of the chromatin binding activity of bromodomain‐containing protein 4                               NCT03205176          [^37^](#cas14355-bib-0037){ref-type="ref"}
  EWS‐FLI1                     TK216            Oncternal Therapeutics       Blocking of the physical interaction of E26 transformation‐specific transcription factors with RNA helicases   NCT02657005          [^38^](#cas14355-bib-0038){ref-type="ref"}
  MDM2                         BI‐907828        Boehringer Ingelheim         Inhibition of physical interaction between MDM2 and p53                                                        NCT03449381          [^60^](#cas14355-bib-0060){ref-type="ref"}

DNA binding proteins, including fusion genes, are promising targets for cancer therapy and are currently being evaluated in clinical trials.

ARNT, aryl hydrocarbon receptor nuclear translocator; BRD4, bromodomain‐containing protein 4; CBP, CREB‐binding protein; EWS, Ewing\'s sarcoma; FLI1, friend leukemia virus integration 1; HIF‐2α, hypoxia‐inducible factor‐2α; MDM2, murine double minute homolog 2; NF‐κB, nuclear factor‐κB; STAT3, signal transducer and activator of transcription 3.
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Hypoxia‐inducible factors are a family of TFs consisting of HIF1α, HIF2α, and HIF3α.[^43^](#cas14355-bib-0043){ref-type="ref"}, [^44^](#cas14355-bib-0044){ref-type="ref"}, [^45^](#cas14355-bib-0045){ref-type="ref"} The HIF proteins are stabilized and localized to the nucleus under hypoxic conditions. In the nucleus, HIF proteins heterodimerize with ARNT (also known as HIFβ). The heterodimer binds to hypoxia‐responsive elements of target genes involved in redox homeostasis, metabolism, angiogenesis, tumorigenesis, and inflammation. In more than 90% of clear cell renal cell carcinoma (ccRCC), HIF2α is aberrantly stabilized and is associated with malignant phenotypes.[^46^](#cas14355-bib-0046){ref-type="ref"} Wallace et al[^47^](#cas14355-bib-0047){ref-type="ref"} developed the small molecule PT2385 as a specific antagonist of HIF2α, which allosterically inhibits dimerization of HIF2α with ARNT. This study indicated that PT2385 induces tumor regression in an animal model, and that HIF2α functions as a pivotal oncogenic driver in ccRCC. PT2385 is now under evaluation in clinical trials (Table [2](#cas14355-tbl-0002){ref-type="table"}). Therefore, targeting HIF2α is a promising approach for treatment of ccRCC.

4. DEVELOPMENT OF HIGH‐THROUGHPUT SCREENING METHODS {#cas14355-sec-0007}
===================================================

Although DNA binding proteins are attractive therapeutic targets for cancer therapy, efficiently identifying small molecules that selectively target cancer‐associated DNA binding proteins remains problematic. Conventional methods used to evaluate interactions between DNA and protein, such as EMSA and ELISA, are not suitable for high‐throughput screening. Therefore, a number of studies sought to develop high‐throughput screening methods based on reporter assays, EMSA, fluorescence polarization assays, and luminescence‐based binding assay, enabling rapid and high‐throughput identification of small molecule inhibitors of cancer‐associated DNA binding proteins.[^48^](#cas14355-bib-0048){ref-type="ref"}, [^49^](#cas14355-bib-0049){ref-type="ref"}, [^50^](#cas14355-bib-0050){ref-type="ref"}, [^51^](#cas14355-bib-0051){ref-type="ref"}, [^52^](#cas14355-bib-0052){ref-type="ref"}, [^53^](#cas14355-bib-0053){ref-type="ref"}

4.1. Microfluidic‐based EMSA (QPID) assay {#cas14355-sec-0008}
-----------------------------------------

Electrophoretic mobility‐shift assay is considered a gold standard method to analyze and measure the binding affinity between a DNA binding protein and its target sequence.[^54^](#cas14355-bib-0054){ref-type="ref"} Combining the EMSA assay with microfluidics technology facilitated more rapid and quantitative performance of the EMSA. Glick et al[^51^](#cas14355-bib-0051){ref-type="ref"} succeeded in developing a high‐throughput microfluidic platform termed quantitative protein interaction with DNA (QPID). This is an integrated microfluidic‐based assay with a DNA microarray that enables analysis of 4096 samples and calculation of the binding affinity of DNA binding proteins to their target sequences in a single run (Figure [1](#cas14355-fig-0001){ref-type="fig"}). The interaction of cyclic AMP‐dependent transcription factor 1 (ATF1) and ATF3 with 128 genomic cAMP response elements was examined using this platform. The study revealed that the difference in DNA binding affinity between ATF1 and ATF3 was due to a minor groove width of genomic DNA.

![High‐throughput screening methods for the identification of small inhibitors targeting DNA binding proteins. Left panel (quantitative protein interaction with DNA \[QPID\] assay): integrated microfluidic‐based assay with a DNA microarray to investigate the physical interactions of DNA binding proteins with their target sequences in high‐throughput screening. Middle panel (DNA‐protein interaction \[DPI\]‐ELISA): high‐throughput ELISA for identification of small molecules that inhibit the binding of DNA binding proteins to DNA sequences. Right panel (DNA strand exchange‐fluorescence resonance energy transfer \[DSE‐FRET\]): FRET‐based assay for identification of small compounds that inhibit the interaction of DNA binding proteins with DNA oligos, which leads to DNA strand exchange](CAS-111-1058-g001){#cas14355-fig-0001}

4.2. DNA‐protein interaction‐ELISA {#cas14355-sec-0009}
----------------------------------

The ELISA is a well‐known and useful method for detection of target proteins such as antigens and Abs, quantifying relative amounts of the target protein based on an enzymatic reaction. Brand et al[^48^](#cas14355-bib-0048){ref-type="ref"} developed a novel method based on the ELISA termed DPI‐ELISA, in which biotin‐labelled oligonucleotides are conjugated to streptavidin‐coated microplates. The DPI‐ELISA enables analysis of DNA‐protein interactions in multiple samples in a single run (Figure [1](#cas14355-fig-0001){ref-type="fig"}). Using the DPI‐ELISA method, Alonso et al[^49^](#cas14355-bib-0049){ref-type="ref"} identified netropsin as a specific inhibitor of mammalian high‐mobility group protein AT‐hook 2 (HMGA2), which is associated with metastasis in several types of cancers.[^55^](#cas14355-bib-0055){ref-type="ref"}, [^56^](#cas14355-bib-0056){ref-type="ref"}, [^57^](#cas14355-bib-0057){ref-type="ref"}

4.3. DNA strand exchange‐fluorescence resonance energy transfer {#cas14355-sec-0010}
---------------------------------------------------------------

To investigate the interactions between DNA binding proteins and their target sequences more simply and rapidly, Miyagi et al[^50^](#cas14355-bib-0050){ref-type="ref"} developed a novel method based on 2 phenomena: DNA binding protein‐dependent inhibition of spontaneous DSE between partially double‐stranded DNA probes, and FRET (Figure [1](#cas14355-fig-0001){ref-type="fig"}). For the DSE‐FRET assay, 2 types of oligonucleotides are used. One is a quencher‐conjugated oligo, and the other is a fluorescence‐labelled oligo. During the interaction of the DNA binding protein with these 2 oligonucleotides, strand exchange is inhibited. Therefore, after inhibition of the interaction of the DNA binding protein with the oligonucleotides, fluorescence is detected.

4.4. Amplified luminescent proximity homogeneous assay {#cas14355-sec-0011}
------------------------------------------------------

An amplified luminescent proximity homogeneous assay is based on a luminescent oxygen‐channeling chemistry.[^58^](#cas14355-bib-0058){ref-type="ref"} In this assay, an analyte is sandwiched by a biotinylated Ab conjugated to streptavidin‐coated donor beads and a second Ab conjugated to acceptor beads. Donor beads are located in proximity to acceptor beads through the binding of these Abs to the analyte. After the excitation of donor beads at 680 nm, singlet oxygen is transferred from donor beads to acceptor beads, which results in the chemiluminescent emission at 615 nm. Using this system, Nomura et al[^53^](#cas14355-bib-0053){ref-type="ref"} established a high‐throughput screening system and identified pyrrothiogatain as a novel inhibitor of GATA3 DNA‐binding activity, which is important for T helper 2 cell differentiation.

5. CONCLUDING REMARKS {#cas14355-sec-0012}
=====================

Recent progress in technologies such as DPI‐ELISA and DSE‐FRET has enabled high‐throughput identification of small molecules that selectively target disease‐associated DNA binding proteins using chemical libraries. Therefore, cancer‐associated TFs are no longer considered undruggable targets. Although numerous challenges for pharmaceutical targeting of cancer‐associated TFs remain, this is a promising approach for treatment of diverse cancers. These approaches are particularly well‐suited to identifying cancer‐associated TF inhibitors because of sequence specificity and affinity of TFs, which could improve the selective inhibition of the target proteins. Using these technologies, a novel platform could also be developed for identification of small molecule inhibitors of cancer‐associated RNA‐binding proteins, which also play important roles in cancer development and progression. Furthermore, combination treatment of these inhibitors with conventional cancer treatments will contribute positively to the clinical outcomes of cancer patients.
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